Preliminary investigation of a variable-area auxiliary air-intake system at Mach numbers from 0 to 1.3 by Scherrer, Richard et al.
w
a
SECURITY INFORMATION
i
RESEARCHMEMORANDUM---”
PRELIMINARY INVESTIGATIONOF A VARIABLE-AREA
AUXILIARY AIR-INTAKE SYSTEMAT
MACHNUMBERSFROM OTO L 3
By Richard Scherrer, JohnF. Stroud,
andJohnT. Swift
Ames AeronauticalLaboratory
Moffett Field, C if.
( f;s~ifi~!!~fl tkAAf:&........):.jn@~fJ (N Ch?f’f! F :“J
By t.uthrlr .!’!
Z; ~~* “c.. P*L pl..m.w= uwwm...&7~-r~l~~~‘I,‘::~,7E3ICIctl~!l:E)
3 &sk-%..5.5..
BY,.....-.-----ipt~~Nu .........---...... .
..’
.................. N.C...............’.....*
.....................
GRADEOF OfFiCEi.MAtiiG. CHANGEj
)o. \-ncM ~~
CMSNFDIDfxmM.ENr
....................................
ofz”%2.”hymK%iY2.%z%,r-”EE:z%$%scYh%
—r toanucautlnrlzedprmn isprohibitedW lm.
NATIONALADVISORYCOMMITTEE
FOR AERONAUTICS
WASHINGTON
February25, 1953
~
.__—
-.
*..
https://ntrs.nasa.gov/search.jsp?R=19930087485 2020-06-17T09:07:59+00:00Z
1s
“
7
NACARMA53413 mw@l16$El&z
NATIONALDVISORYCOMMI!lTIIIZFOR
RESl?&CHMEMOIWDUM
AERONAUTICS
PRFtLIMINARYINVFSTI&YIZONFA VJIKW6LIZ-=
AUXILIARYKIR-INWIKIZSYS!E!14AT
‘MACHNUMBERSFROMO TO 1.3
EiyRichardScherrer,JohnF. Stroud,
andJohnT.Swift
SUMMARY
A vsriable-areaauxiliaryairscoopincofiinationwitha fixed-
areanoseintakewastestedatMachnmibersfromO to1.3. Thepurpose
of theinvestigateionwastoevaluatetheeffectivenessof suchan
auxiliaryintakein improvingthenetthrustofm intake-enginecom-
binationovera rangeof speeds.* Theresultsindicatedthattheinternalflowwasalwaysstableandthatimprovementsinnetthrustwouldbe
realizedatMachnumbersup toabout1.1foran intakedesignMach
. numberof1.3.
INTRODUCTION
Theoptimuminletareaofairintskesformostturbojetengines
varieswithflightMch nuniberandaltitude.Althoughitispossible
to operatean airplaneorenginewithoutvaryinginletsrea,suchopera-
tionusuallyincurslargethrustlosseswhichlimitoperationalf exibil-
ityandperfomnance.Previousinvestigationsofairititakesdesigned
forMachnumbersnear2.0haveshownthatvariableinlet-areasystems
wi~ minimizethethrustlossesof intake-enginecombinationswhen
operatingat off-designconditions,andseveralvariable-areadesigns
havebeenproposed.(Seerefs.1 to 5.) Sinceit islikelythat
engineswithfixed-sreaintakesdesignedfortransonicspeedswillalso
sufferlossesinthrustat off-designconditions,calculationsweremade
to determinethemagnitudesof theselosses.Themethodsofreference6
wereusedinthecalculations.An enginewithair-flowcharacteristics
. similarto thoseof theJ57-P-1operatingat normal-ratedconditions,
inletsof thenormal-shocktype, anda maximumflightMachnumberand
f
2
.
altitudefortheengineoperatingconditionwere
,
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selected.Itwasalso l _
assumedthatthedifferenceb tweenthecowl-suctionforceandthe
additivedrag‘isthatgivenbyFraenkel(ref.7) andthatthesubsonic
diffusionwas‘isentropic.Theresultsof thecalculationsintermsof
(1)percenthrustlossduetoof’f-designoperationand(2}percent
?
increaseininletsxeathatwouldprovidetheadditionalairforoptimum“
engineoperation,areshowninthe-followingtable:
Intakedesigr
MachNO*l
1.3
J
Flight
MachNo.
1.3
1.1
l9
l7
0.9 1.3
i
1.1
:?
Percenthrust10s
duetooff-design
intakeoperation
o
9
18
28
3
1“
o
8
lksig al-tdtude
= 35,000feet
Percentincreaseininlet
areatomaintatizero
thrust10SS
o
5
13
30
--
--
--
--
h
Fora designMach?m?iberof 1.3
~
theintakewouldoperatesupercritically
(atthemaximumass-flowratio atallhmie-rMachnumibers,resultingin
thrustlossesdue‘tolowpressurerecovery.Fora designWch nuniber 9
Of 0.9,theintakewouldoperatesubcritically(atlessthanmaximum
mass-flowratio)atthehigherMachnumbers,resultinginthrimtlosses
duetoadditivedrag.At.O.TMachnumber,theintakedesignedfor0.9
Machnumberwouldoperatesupercriticallyandthethrustlosswouldbe
—
duetolowpressurerecovery.Sincethemarginof excessthrustis
generallytheleastinthetransonicspeedrange,thrustlossessuchas
thoseindicatedinthetableareundesirable.Theeffectofaltitude
was also consideredinthecalculationsanditwasfoundthatforfixed
inletareasthethrustlossesduetooff-designaltitudescouldbe as
greatas thosedw to off-designl@chnumbers.Thus,inthetransonic-
speedrange,a needexistsfora variable-areaintakeforusewithturbo-
$etengineshavingair-flowcharacteristicssimilsrtothoseofthe
J57-P-1. -. —
A studywasmadeof several.variable-areaintakesthatcouldbe
usedat transonicspeedstodeterminethemostsuitabletype.It w’SwS
foundthata variable-areaauxiliaryintake,incombinationwitha
fixed-aream inintake,wasmorecompactandthereforeprobablylighter
inweightandlesscomplexthananyof thevariablemain-intakesystems .—
considered.As a result,anauxiliaryair-intakesystemwasselected
3.
forinvestigation.Thepurposeoftheinvestigationwastodetermine
theperformanceofa scoop-typevsxiable-areaauxiliaryinletat su%-
sontcandtransonicspeeds.Thepressurerecoveryandmass-flowratio
* of theinternalflowweremeasured$butno ~ag ~asure~ntsweremade
becausetheadditionalcomplicationfthetesta~aratuswasnot
believedtobe justifiedfora preliminaryiqestigation.Theresuts
ofthetestsandan evaluationof thedatainbermsofa thrustratio
aregiveninthisreport.
NOTATION
A
A2a
CF
d.
%re
w
Fi
‘isen
H
h
M
m
%
P
r
cross-sectional.=ea, sqft
outletareaofauxiliayintakeat station2, sqft
(Seefig.1.)
‘i - %re
effective.thrustra io, ,dimensionless
‘isen
distancefrombottomofbasicduct$in.
*ag/(pw-po)~(A1+A1a)-~T]Y lb
(Seeref.l’.)
.
auxiliary-inlet-flaptidth,in.
internalthrust,lb
(Seeref.6.)
internalthrustbasedonUX1-percentpressurerecovery,lb
totalpressure,lb/sqft,absolute
one-haJfof ductheightinverticalplane>in.
Machnumber,dimensionless
mss-flowrate,pVA,slugs/see
~ss-flowratebasedon inletarea}PoVOAI~slugs/see
staticpressure,lb/sqft,absolute
localinternal-ductradius,in.
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.
chordofsrcdescribedby apexofauxiliaryinletflap,in.s
v
x
Y
a
B
veloci+y$ft/sec
?
stationdownstreamofmain-ductentrance,in.
one-halfofductwidthinhorizontalplane,in.
angleofattack,deg
anglebetweenmain-duethorizontalcenterplaneandcenter
planeof innerauxili~-inletflap,deg
anglebetweenmain-ducthorizontalcenterplaneandcenter
planedfouterauxiliary-inletflap,deg
.
e
-. .
massdensity,slugs’/cuftP
Subscripts
a
b
auxiliary
bottom .- ..=. —
.
conditionsjustdcwnstieamofnormalshockwavew’
ref
t
T
o
1
reference .“
top
total
fleestream
. .
—
main-inlet-entrancestation
. .
auxiliary-inlet-entrancestationla
outletstationofauxiliaryduct2
s
4
5
*
diffliser-exitandsurvey-rakestation
upstreamass-flow-measurementsta ion..
.downstream=ss-flaw-measurementstation
.
maximumtheoretical.value
.
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APPARATUSAm TESTS
.
WindTunnel
.
Thetests&re conductedinthe-s 2-by 2-foottransonicwind
tunnel.Thiswindtunnelisof theclosed-circuit,variable-density
typeandutilizesa perforatedtestsectiontoallowcontinuousopera-
tionfromsubsonic
in thewind-tunnel
throughthemodel.
to supersonicMachnunibers.A centrifugalcompressor
auxiliaryequipmentwasusedto inducetheairflow
Model
w model testedinthepresentivestigationiSsho~ infigures1 .
and2. T!aththenoseandauxilisz’yinletsareofthenorm%l-shock~.
Theauxiliaryinletconsistsof twoflapswhichspanthemainductas
showninfi~e 1, andwasdesi~edto satisfYthefo~o- relation
at eachflapposition:
.
(-a)=(~)
The=- openingoccurredwhentheseratioswereunity.Themria-
.
tionof internalcross-sectionalareaoftheductwithaxialdistance
is showninfigure3. Thedashedlinesinthefigurerepresentthe
longitudinaldistributionfarearemainingin themainductforthe
variousauxiliary-inletopeningsthatweretested.
. .
TestsandInstrumentation
Averagetotal-pressurerecovery,mss-flowratio,anddiffuser
tot&L-pressureprofilesinoneplaneweremeasured’inthemodelatMach
numbersof0,0.20,0.77,0.95,1.13,and1.30at 0°and4°angleof
attack.The@-percentauxiliary-inletopening,however,wasnottested
atMachnumbersabove0.20.
Thetotal-pressurerecoveryandmass-flowratiosweredetermined
fromstatic-pzessuremeasurementsmadeat twoadjacentstationsof dif-
ferentcross-sectionalareasintheduct(stations4 and5 infig.1).
Theaccuracyof themethodofmass-flowandpressurerecoverymeasure-
. mentisdependentuponthelocalMachnumberat station5,the-a
ratioof thecontraction,theindividualccuraciesof thestatic
,
. .
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pressuremeasurements,andtheassumptionof isentropicflowbetween
themeasurements ations.Considerationof thesefactorsinthepresent
e~erimentsindicates
pressure-recoveryand
maximumprobablerrorsof+0.01andAO.02forthe
mass-flowratios,respectively.
.“
.
RESULTSANDDISCUSSION
Thetestdataarepresentedintheorderof increasingMachnuniber
illfiguresk to13. Thedataaregiveninplotsoftotal-pressure
recoveryasa functionofnmss-flowratio(figs.4,6,8*10,12,and13)
andas total-pressurep ofilesacrosstheductat station3 (figs.5,7,
9, andll). Theirdxmd flowwasstableat alltestconditionsand
theeffectofangleofattack(4°)wasgenerallywithintheexperimental
accuracyandhasnotbeenshowninthefigures.
Themass-flowdataat zeroMachnumber(fig.4)aregiveninpercent
of thetheoreticalvalueforchokedflowwithuniformvelocityat the
inletstation.It isinterestingthatthedataforthistestcondition
arecorrelatedby theparameter~/~+, thusindicatingthatthelosses
inthemainandauxilisryintakesareaboutequal.
.-
T!hetotal-pressurerecoveryata Machnuniberof0.7’7(fig.8) is
maintainedabovea valueofO.~ athighmss-flowratioswiththe .
2k-percentauxfiiary-itietopening.Smallerauxiliary-inletopenings,
however,decreasedthetotal-pressurerecoveryatmass-flowratios
representingequalpercentagesofthetheoreticalmaximumass-flow
.
ratios.Thisdecreaseisbelievedtobe duetotheincreasingpercen~e
ofbodybound&wylayerintheauxiliary-intakemassflow. Thiseffect
couldbe reducedby usinganauxiliaryintakeof smallerwidth-to-height
ratio,thusreducingthepercentageofboundarylayerfora givenpercent
opening. .
ThepressurerecoveryforU“ auxiliary-intakeop ningsatMach
numbersof 0.95 (fig.10)andabove,atmass-flowratiosrepresenting
equalpercentagesaf thetheoreticalmaximumass-flowratios,isless
thanthatwiththeauxiliaryintakeclosed.Themaximumass-flow
ratioswerelessthanthetheoreticalvaluesatallMachnunibers.
Althoughthebodyboundarylayerisprobablythemajorfactorinlimiting
thepressurerecoveryandmassflowforthesmallinletopenings,the
lossesfortheZh-percentopeningcannotbe attributedntirelytothe
boundarylayer.Itseemsreasonablethatthesteepinternal-surface
slopeoftheexternalflapoftheauxiliaryintakeat thelargeropenin&
wouldresultina detichednormalshockwaveat transonicspeeds.This
couldcausereductionsinbothmaXimumpressurerecoveryandmass-flow
mtio. Suchan effectcouldbe reducedbydesigningauxiliaryintakes
l
withthelipsmorenearly inedwiththelocal.streamlines.
*.
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Evaluation
, s.~ “..
of theIntakeSystemfora DesignMachl@iberof 1.3
7
Theeffectivethrustratio(CF)of theintakesystemtestedwas
obtainedby determiningtheenginenetthrustby themethodofrefer-
ence6,assumingthesa-mengineoperatingconditionsaswerementioned
intheIntroduction}andby assumingthatthedifferenceb tweenthe
additi~dragandthethrustcomponentof thecowl-pressureforceis
thatgivenby Fraenkel(ref.7)..!l%externaldragof theintakesnatr
themaximumass-flowratioswasassumedtobe constantandsmall,and
thereforewasnotconsideredintheevaluation.Thislatterassumption
isbelievedtobe juatif’iedbecausetheexbernal-surfaceslopesof the
auxiliaryintakeare_ (2°to4°)andat thedesignpointsof
interesthemass-flowratiosofbothintakesarene~ uni~. The
effective-thrustra io wascomputedfromthetestdatafora design
altitudeof 35,000feetandisgivenas a functionoflkchnuzber“in
figure14. Valuesof theratioforthemainintakeonly,whenit is
assumedtohavevariableinletarea,sre@so showninfigure14for
comparisonpurposes.!lheresultsindicatethattheauxiliaryintake
testedwill.provideincreasesintheeffective-thrustra ioup toa
Machnwnberofabout1.1foran intakedesignMachnumberof L 3.
cOm?LmwREMARKS
Varfable,scoop-type,auxiliary-airntakescanprovidehprove-
mentsinnetthrustofan intake-enginesystemM theadditionalexternsl
dragissmall.Improvementsintheperformanceof auxili~ intakesat
supersonicspee@ canprobsblybe obtainedby minimizingtieboundary-
layereffectforsmallopeningsandby ~re nearlyaltiingthelipsof
theauxiliaryintakewiththe.localstreamlines.
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